The title pull-push chromophores, 2-[4-(dimethylamino)benzylidene]-1Hindene-1,3(2H)-dione, C 18 H 15 NO 2 (ID[1]) and (E)-2-{3-[4-(dimethylamino)phenyl]allylidene}-1H-indene-1,3(2H)-dione, C 20 H 17 NO 2 (ID[2]), have donor--bridge-acceptor structures. The molecule with the short -bridge, ID[1], is almost planar while for the molecule with a longer bridge, ID [2] , is less planar. The benzene ring is inclined to the mean plane of the 2,3-dihydro-1H-indene unit by 3.19 (4) in ID[1] and 13.06 (8) in ID [2] . The structures of three polymorphs of compound ID [1] have been reported: the -polymorph [space group P2 1 /c; Magomedova & Zvonkova (1978) . Kristallografiya, 23, [281] [282] [283] [284] [285] [286] [287] [288] , the -polymorph [space group P2 1 /c; . Kristallografiya, 25 1183 Kristallografiya, 25 -1187 and the -polymorph [space group Pna2 1 ; Magomedova, Neigauz, Zvonkova & Novakovskaya (1980) . Kristallografiya, 25, [400] [401] [402] . The molecular packing in ID[1] studied here is centrosymmetric (space group P2 1 /c) and corresponds to the -polymorph structure. The molecular packing in ID[2] is non-centrosymmetric (space group P2 1 ), which suggests potential NLO properties for this crystalline material. In both compounds, there is short intramolecular C-HÁ Á ÁO contact present, enclosing an S(7) ring motif. In the crystal of ID[1], molecules are linked by C-HÁ Á ÁO hydrogen bonds and C-HÁ Á Á interactions, forming layers parallel to the bc plane. In the crystal of ID [2] , molecules are liked by C-HÁ Á ÁO hydrogen bonds to form 2 1 helices propagating along the b-axis direction. The molecules in the helix are linked by offsetinteractions with, for example, a centroid-centroid distance of 3.9664 (13) Å (= b axis) separating the indene rings, and an offset of 1.869 Å . Spectroscopic and electrochemical measurements show the ability of these compounds to easily transfer electrons through the -conjugated chain.
Chemical context
Organic molecules containing donor and acceptor groups connected by a conjugated -bridge (push-pull chromophores) are important in many areas of materials chemistry, especially organic electronics and optoelectronics. Applications of pull-push molecules can be related to their properties such as intramolecular charge transfer and specific molecular arrangements in the solid state. Intramolecular charge transfer from donor to acceptor via a -bridge defines their colour, light absorption and emission, hyperpolarizability and other optoelectronic effects. Applications of pull-push chromophores include non-linear optics (NLO; Ortiz et al., 1994) , as luminescent sensors (Duarte et al., 2011; Qin et al., 2015) , solid-state lasers (Samuel & Turnbull, 2007) , organic light-emitting diodes (Muller et al., 2003) , organic field-effect transistors (Suponitsky et al., 2006; Oliveira et al., 2018 ) and many more. The spectroscopic properties of pull-push molecules are related to the donor and acceptor strength in these molecules and to the length of the -bridge. Many such compounds have been studied, but not all of their crystal structures have been reported. Such compounds are important for their NLO properties (Andreu et al., 2003; Raimundo et al., 2002) . Herein, we report on the crystal structures, syntheses and spectroscopic and electrochemical properties of the title donor--bridge-acceptor structures, ID[1] and ID [2] . The structures of three polymorphs of ID[1] have been reported previously; the -polymorph (Magomedova & Zvonkova, 1978) , the -polymorph and the -polymorph (Magomedova, Neigauz et al., 1980) . We have repeated the structural study of ID[1] in order to establish exactly which polymorph we obtained. It was then characterized by spectroscopic and electrochemical measurements.
Structural commentary
The molecular structures of ID[1] and ID[2] are illustrated in Fig. 1 . The structural analysis of ID[1] synthesized by us established that it is the -polymorph , and it was then characterized with spectroscopic (x4) and electrochemical (x5) measurements.
Both molecules have acceptor--bridge-donor structures. It was found, as in our previous studies , that with an increase of the length of the -conjugated bridge the molecule becomes less planar, and the angles between the different planar fragments (acceptor-bridge, bridge-donor) become larger (Table 1) .
Compound ID[1] has an almost planar structure, with the benzene ring (C10-C15) being inclined to the mean plane of the indene ring system (C1-C9) by 3.19 (4) . In ID[2] the deviation from planarity is somewhat larger with the benzene ring (C10-C15) being inclined to the mean plane of the indene ring system (C1-C9) by 13.06 (8) ; see further details in Table 1 .
Supramolecular features
Molecules of ID[1] and ID[2] have significant dipole moments, which is very common for NLO chromophores. Because of this, molecules have a trend to antiparallel packing, which is observed in the crystal structures of both ID[1] and ID [2] .
In the crystal of ID[1], molecules form two almost perpendicular stacks with anangle of ca 84.47 between them. The molecules, which stack in an antiparallel or head-to-tail Table 1 Dihedral angles between molecular fragments ( ) and mean deviations (Å ) of atoms from these fragments.
ID[1] ID[2]
Acceptor-bridge 1.31 (11) 11.6 (2) Bridge-donor 2.63 (11) 4.9 (3) Deviation in acceptor 0.0325 0.0159 Deviation in bridge 0.0000 0.0473 Deviation in donor 0.0035 0.0073 Symmetry codes: (i) x; Ày þ 1 2 ; z À 1 2 ; (ii) x; Ày þ 3 2 ; z þ 1 2 ; (iii) Àx þ 1; Ày þ 2; Àz þ 1; (iv) Àx þ 1; Ày þ 1; Àz þ 1. fashion, are linked by C-HÁ Á ÁO hydrogen bonds (Fig. 2 , Table 2 ), forming layers lying parallel to the bc plane. Within the layers there are C-HÁ Á Á interactions present (Table 2 ).
Figure 1
In the crystal of ID[2], molecules form stacks with parallel molecular positions, and shifted positions of stacks extended along the b-axis direction within the acentric space group P2 1 . The ID[2] molecules are packed in a herringbone fashion ( Fig. 3) . Here, the angle between two molecules from different stacks is ca 60.8 . The molecules are linked by C-HÁ Á ÁO hydrogen bonds (Table 3) , forming a 2 1 helix that propagates along the b-axis direction. The molecules in the helix are linked by offsetinteractions with, for example, a centroid-centroid distance Cg1Á Á ÁCg1 i of 3.9664 (13) Å [symmetry code: (i) x, y À 1, z] separating the indene ring systems (C1-C9), with an offset of 1.869 Å .
Spectroscopic studies
Absorbance spectra were obtained for both ID[1] and ID[2] in chloroform and acetonitrile. For donor-acceptor polyenes, the dominating feature of the absorbance spectrum is the -* transition that results from charge transfer from donor to acceptor. According to recent studies , it proves that dimethylaminophenyl polyenals have reversed solvatochromism, which is proved by the maxima of the absorption values (Table 4) , showing that both ID[1] and ID[2] have their peaks higher in chloroform than in acetonitrile; see the absorption spectra of ID[1] and ID[2] in acetonitrile given in Fig. 4 .
Electrochemical measurements
Donor-acceptor polyenes can be characterized by electrochemical measurements to show their ability to transfer electrons. The voltammagrams (Fig. 5 ) demonstrate a completely reversible oxidation process and a partially reversible reduction process. When only swept between 0 V and 1.7 V the oxidation process is reversible ( Fig. 5a ), (Table 2 ) are shown as dashed lines. For clarity, only the H atoms involved in the intermolecular interactions have been included. Table 3 Hydrogen-bond geometry (Å , ) for ID [2] .
Symmetry code: (i) Àx þ 1; y þ 1 2 ; Àz þ 1. 
Figure 5
Cyclic voltammagrams of ID[1]: (a) sweep from 0 to 1.7 V and (b) sweep from À1.9 to 1.7 V.
Figure 4
Normalized absorbance spectra (nm) in acetonitrile for ID[1] and ID[2].
however, when swept to À1.9 V the reduction is only partly reversible ( Fig. 5b ). This represents the ability of the compound to 'easily' transfer electrons through the chain from donor towards acceptor. Note: cyclic voltammagrams of ID[1] were made against FeCp 2 +/0 (internal reference E 1/2 +/0 = 0.55 V vs Ag/AgCl) in dichloromethane with 0.1 M n Bu 4 NPF 6 ). Measurements were recorded at 50 mV s À1 using a BAS Potentiostat using a glassy carbon working electrode, Pt wire auxilliary electrode and a Ag/AgCl reference electrode.
Database survey
A search of the Cambridge Structural Database (CSD Version 5.40, update May 2019; Groom et al., 2016) for the substructure of ID[1] yielded 27 hits. Three of them, 2-(p-diethylaminobenzylidene)-1,3-indandione (CSD refcode TELWEM; Khodorkovsky et al., 1996) , which has ethyl groups instead of methyl groups in the donor, 2-{[4-(diphenylamino)phenyl]methylidene}-1H-indene-1,3(2H)-dione (QENYEQ at 223 K: Hariharan et al., 2018; QENYEQ01 at 150 K: Redon et al., 2018) , which has methyl groups in the donor, and 2-{[4-(dibutylamino)phenyl]methylidene}-1H-indene-1,3(2H)-dione (BIQYUY; Situ et al., 2019) , which has butyl groups in the donor. In these three compounds, the benzene ring is inclined to the mean plane of the 2,3-dihydro-1H-indene ring system by 7.6 (2), 1.66 (6)/1.49 (9) and 5.71 (9) , for TELWEN, QENYEQ/QENYEQ01 and BIQYUY, respectively, compared to 3.19 (4) in ID [1] .
Also, out of all 27 hits there are three hits, (MBYINO: Magomedova et al., 1978; MBYINO01: Magomedova, Neigauz et al., 1980; MBYINO02: Magomedova & Zvonkova, 1980) , which are the , and ID[1] polymorphs, respectively, published over 40 years ago. It should be mentioned that the crystal packing in the and polymorphs is centric (space group P2 1 /c), while in the polymorph it is acentric (space group Pna2 1 ). The crystal structure of ID[1] we obtained corresponds to the polymorph, i.e. the centrosymmetric modification MBYINO02. The dihedral angles between the benzene and indene rings for two independent molecules in MBYINO are ca 4. 35 
Synthesis and crystallization
For the synthesis of the title compounds, two aldehydes were used: 4-(dimethylamino)benzaldehyde (A1; purchased from Aldrich) and 4-(dimethylamino)cinnamaldehyde (A2), which was synthesized as described previously . 2,3-Indanedione was purchased from Aldrich and used without further purification.
Synthesis of 2-[4-(dimethylamino)benzylidene]indane-1,3dione (ID[1]): Aldehyde A1 (2.00 g, 13.4 mmol) and 1,3indanedione (2.01 g, 13.4 mmol) were suspended in 100 ml of absolute ethanol. The mixture was gently heated until the solids had dissolved. After about 10 min of stirring the dissolution was complete, and a red crystalline precipitate began forming on the walls of the flask. The reaction mixture was stirred vigorously overnight, and the resulting product was collected by filtration then washed with cold ethanol and hexanes to give shiny dark-red crystals (yield 3.65 g, 98%; m.p. 477-478 K). ID[1] can be purified by recrystallization using numerous solvent systems (acetone, ethanol, ethyl acetate/ hexane, dichloromethane/hexane and toluene (to name a few), many of which afforded single crystals. 1 H NMR (400 MHz, CD 2 Cl 2 ) 8.52 (d, J = 9.16 Hz, 2H), 7.91-9.73 (m, 4H), 7.71 (s, 1H), 6.77 (d, J = 9.16 HZ, 2H), 3.14 (s, 6H) ppm. 13 C NMR (100 MHz, CD 2 Cl 2 ) 191. 6, 190.1, 154.5, 147.3, 142.7, 140.3, 138.2, 134.8, 134.5, 123.3, 122.7, 122.6, 122.2, 111.7, 40 .3 ppm.
Synthesis of (E)-2-{3-[4-(dimethylamino)phenyl]allyl-idene}indane-1,3-dione (ID[2]): Aldehyde A2 (1.00 g, 5.71 mmol), 1,3-indanedione (0.85 g, 5.7 mmol) and piperidine (0.15 ml, 1.4 mmol) in ethanol (50 ml) were mixed and treated as for the synthesis of ID[1]. The crude product obtained was collected by filtration and washed with cold ethanol before being recrystallized from ethanol to give incredibly shiny and thin purple actinic crystals (1.55 g, 90%; m.p. 535-537 K). 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 5 . For both structures, the C-bound hydrogen atoms were positioned geometrically and refined using a riding model: C-H = 0.95-0.98 Å with U iso (H) = 1.5U eq (C-methyl) and 1.2U iso (C) for other H atoms. For both structures, data collection: APEX3 (Bruker, 2015) ; cell refinement: SAINT (Bruker, 2015) ; data reduction:
Funding information
SAINT (Bruker, 2015) ; program(s) used to solve structure: SHELXT2017/1 (Sheldrick, 2015a) ; program(s) used to refine structure: SHELXL2018/3 (Sheldrick, 2015b); molecular graphics: Mercury (Macrae et al., 2008) ; software used to prepare material for publication: SHELXL2018/3 (Sheldrick, 2015b) , PLATON (Spek, 2009 ) and publCIF (Westrip, 2010 ). where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.27 e Å −3 Δρ min = −0.40 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 125.36 (9) N10-C17-H17C 109.5 C2-C3-C4 107.06 (7) H17A-C17-H17C 109.5 C12-C11-C10 120.27 (8) H17B-C17-H17C 109.5 C12-C11-H11 119.9 N10-C16-H16A 109.5 C10-C11-H11 119.9 N10-C16-H16B 109.5 C14-C15-C10 121.68 ( C5-C4-C3-C2 −2.58 (10) O1-C1-C5-C4 176.43 (9) C13-C12-C11-C10 0.83 (14) C2-C1-C5-C4 −2.00 (10) C10-C15-C14-C13 0.11 (13) C4-C5-C6-C7 −0.91 (16) C12-C13-C14-C15 0.18 (13) C1-C5-C6-C7 177.25 (10) C18-C13-C14-C15 −179.95 (8) C5-C4-C9-C8 −0.25 (16) C16-N10-C10-C11 −174.40 (9) C3-C4-C9-C8 179.53 (10) C17-N10-C10-C11 4.97 (14) C5-C6-C7-C8 −0.15 (18) C16-N10-C10-C15 5.21 (14) C4-C9-C8-C7 −0.81 (18) C17-N10-C10-C15 −175.41 (9) C6-C7-C8-C9 1.0 (2) C12-C11-C10-N10 179.13 (8) Hydrogen-bond geometry (Å, º) Cg2 and Cg3 are the centroids of the C4-C9 and C10-C15 rings, respectively. 
2-[4-(Dimethylamino)benzylidene]-1H-indene-1,3(2H)-dione (ID1)

Crystal data
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
(i) x, −y+1/2, z−1/2; (ii) x, −y+3/2, z+1/2; (iii) −x+1, −y+2, −z+1; (iv) −x+1, −y+1, −z+1.
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (10) 0.0311 (7) 0.0089 (7) 0.0068 (5) 0.0039 (7) O1 0.0235 (6) 0.0485 (10) 0.0297 (7) 0.0070 (7) 0.0128 (5) 0.0051 (7) N10 0.0264 (8) 0.0304 (9) 0.0201 (7) 0.0016 (7) 0.0078 (6) 0.0028 (7) C13 0.0197 (7) 0.0221 (8) 0.0182 (7) −0.0011 (7) 0.0029 (6) 0.0026 (6) C10 0.0196 (7) 0.0211 (8) 0.0190 (7) −0.0023 (7) 0.0035 (6) 0.0013 (6) C12 0.0187 (7) 0.0278 (9) 0.0219 (8) 0.0035 (7) 0.0028 (6) 0.0038 (7) C9 0.0241 (8) 0.0292 (10) 0.0240 (8) −0.0017 (8) 0.0103 (7) −0.0015 (7) C11 0.0214 (8) 0.0286 (10) 0.0189 (7) 0.0020 (7) 0.0011 (6) 0.0041 (7) C7 0.0290 (9) 0.0305 (10) 0.0208 (8) −0.0019 (8) 0.0017 (7) 0.0038 (8) C14 0.0203 (8) 0.0245 (9) 0.0198 (7) −0.0002 (7) 0.0003 (6) 0.0041 (7) C19 0.0212 (8) 0.0267 (9) 0.0206 (7) −0.0009 (7) 0.0046 (6) 0.0010 (7) C18 0.0217 (8) 0.0237 (9) 0.0206 (7) −0.0007 (7) 0.0038 (6) −0.0001 (7) C20 0.0208 (8) 0.0242 (9) 0.0213 (8) −0.0009 (7) 0.0046 (6) 0.0008 (7) C17 0.0351 (10) 0.0348 (11) 0.0176 (8) −0.0032 (9) 0.0051 (7) 0.0012 (8) C8 0.0315 (9) 0.0313 (10) 0.0198 (8) −0.0033 (8) 0.0076 (7) 0.0005 (7) C6 0.0198 (8) 0.0288 (10) 0.0243 (8) −0.0002 (7) 0.0035 (6) 0.0026 (7) C16 0.0257 (9) 0.0299 (10) 0.0320 (10) −0.0005 (8) 0.0121 (7) −0.0022 (8) C4
0.0186 (7) 0.0222 (8) 0.0191 (7) −0.0014 (7) 0.0047 (6) −0.0026 (7) C15 0.0185 (8) 0.0261 (9) 0.0206 (8) 0.0021 (7) 0.0012 (6) 0.0032 (7) C3 0.0187 (7) 0.0255 (9) 0.0206 (7) 0.0003 (7) 0.0045 (6) −0.0011 (7) C5 0.0173 (7) 0.0221 (8) 0.0186 (7) −0.0013 (6) 0.0037 (6) −0.0010 (6) C2 0.0189 (7) 0.0254 (9) 0.0190 (7) 0.0001 (7) 0.0042 (6) −0.0007 (7) C1 0.0195 (7) 0.0266 (9) 0.0201 (7) −0.0001 (7) 0.0059 (6) 0.0002 (7) Geometric parameters (Å, º) 
